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Tab.1 Significance of environmental flow components to river ecosystem
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Fig.2 Schematic diagram of high and low flow pulse process
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Fig.5 Comparison of velocity vector diagram of the Dabao spawning ground under peak flow (Q=3 060m?/s)

before and after hydropower development
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Influence of Cascaded Hydropower Development on High and Low Flows in the
Spawning Grounds of the Four Major Chinese Carps

CAO Yan-min', WANG Chong-yu?, QIAN Dong-yue’

(1. College of Civil Engineering, Hunan City University, Yiyang 413000, P.R. China;
2. Hunan Water Planning & Design Institute Co., LTD. Changsha 410008, P.R. China;
3. China Tianjin Research Institute for Water Transport Engineering, M.O.T. Tianjin 300456, P.R. China)

Abstract: The specific hydraulic conditions in spawning grounds are important factors for the reproduc-
tion of the four major Chinese carps. The increases in flow velocity caused by natural flow pulses is the
key hydraulic characteristic that stimulates spawning and promotes egg hatching. Cascaded hydropower
development has changed the flow pulse process that occurred in the natural channel, resulting in the loss
and shrinkage of spawning grounds and a sharp decrease in fish fry. In this study, the spawning grounds
on the stem of the Xiangjiang River were selected for a case study, and we explored the influence of cas-
caded hydropower development on the spawning grounds of the four major Chinese carps in Xiangjiang
River. A two—dimensional numerical model of a spawning ground was developed to simulate the typical
pulses resulting from alternating high and low flows, before and after construction of cascaded hydropow-
er stations. The model was then used to analyze changes in the hydraulics of the spawning grounds as
well as the adverse effects of cascaded stations on spawning grounds. Results show that flow structure
complexity decreased and even disappeared after cascaded hydropower development. The high and low
flow pulses occurred more suddenly, with the time of velocity increase declined by 50% for the high flow
pulse and by 67% for the low flow pulse. The favored velocity (induction velocity) beneficial for fish
spawning largely disappeared during high flow process, and the flow velocity was mostly lower than the
velocity beneficial for eggs hatching and fry drifting during periods of low flow. Hydropower develop-
ment significantly decreased the flow velocity of the affected river sections, and the water area of differ-
ent velocity levels decreased. The water area below the lower velocity limit for fish spawning and egg
hatching during the high flow period (Q,) increased by 3 times that before hydropower development and
by 3.2 times during the low flow period (Q,). Compared to natural conditions, the induction velocity area
was reduced to 15.8% (Q,) and 1.2% (Q,), the triggered velocity area was reduced to 1.5% (Q,) and 1.6%
(Q)), and the preferred velocity area was reduced to 2.0% (Q,) and 3.1% (Q,). In general, hydropower de-
velopment on Xiangjiang River has altered flow velocities in the spawning grounds of the four major Chi-
nese carps and adversely affected spawning. Furthermore, the two—dimensional numerical model devel-
oped in this study worked well for analyzing the hydraulic conditions before and after development of cas-
caded hydropower. This study will provide reference and evidence for the conservation and recovery of
fishery resource.

Key words: cascaded hydropower development; the four major Chinese carps; spawning ground; flow

pulse; hydraulic characteristics



